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of a forging can be examined by taking contact prints (on a special paper)
of its surface, after rough polishing and the application of a suitable
reagent. These prints, when examined under low magnification (up
to 10), will show the grain flow; this structural formation of the metal
is referred to as the macrostructure to distinguish it from the crystal
structure seen under higher magnifications, i.e. the microstructure.

Since all forging operations start with the heating of the metal to the
forging temperature this operation will be considered first. Most
forgings are made from billets or from pieces of bar material cut off by
sawing or shearing. Billets are blocks of steel or other metal, usually
rectangular or circular in cross-section, that have been made from cast
ingots or parts of ingots, by hammering under steam hammers or squeezing
under hydraulic forging presses. These forging operations on billets are
usually done by the manufacturer of the steel.

The heating of billets requires careful control; if the heating is too
rapid in the early stages there -will be a danger of some steels cracking,
and so large billets may have to be heated up with the furnace or to be
put first into a furnace at a low temperature and later be transferred to
another one at a higher temperature. If steel is heated to too high a
temperature it will be " burnt" ; its mechanical properties will be
greatly impaired and cannot be restored except by remelting the metal.
If steel is kept at the forging temperature for an excessive time grain
growth will generally occur and again the properties of the steel will
deteriorate; they can, however, be restored by suitable heat treatment
(normalising). Unless the atmosphere inside the furnace is carefully
controlled the surface of the billet may be unduly oxidised or it may, if
it is a carbon steel, be robbed of some of its carbon, or be decarburised in
the surface layers. Oxidising and decarburising can occur simultaneously
and, sometimes, instead of losing carbon, the steel may pick it up. Large
billets are difficult to heat to a uniform temperature and unequal heating
may mean that parts of the billet are overheated, which is most unde-
sirable, and that other parts are insufficiently heated, which may make
forging difficult and lead to the formation of cracks.

In smithying work (the phrase covering relatively small jobs made by
hand Gammers or small power hammers) the work is frequently heated
in a fire built up on a hearth, and is directly in contact with the fuel,
which is generally coal or a mixture of coal and coke. Combustion is
maintained by a supply of air under pressure to a tuyere at the back of
the hearth. The products of combustion are carried off, by natural
draught, through a hood that covers the hearth and which is connected
with the chimney flue ; alternatively a fan may draw the products down
through the fire into underground flues. The determination of the
temperature to which an object is heated in the smith's fire is a very
difficult matter and considerable experience and skill are required to
avoid overheating of the work.